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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain colloidal silica which exhibits excellent polishing performances when used as a polishing 
agent for, e.g. semiconductor elements and can be produced at a low cost 

SOLUTION: The colloidal silica is prepared by mixing monpdisperse colloidal silica with active silicic acid in a weight ratio of 
1:0.03 to 1 :0.3 (in terms of the weight of Si02) and hydrothermally treating the mixture under conditions of a pH at 8-1 1 . A 
method for producing the same is also provided. The colloidal silica is the one whose surface has been changed by depositing 
the active silicic acid on the monodisperse silica.particles under high-temperature high- pressure conditions and is excellent in 
polishing characteristics in polishing the surface of an electronic material such as a semicondcutor element 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] Colloidal silica for abrasive materials obtained by mixing mono dispersion colloidal silica and activated silica at a rate of 
1:0.03 to 1:0.3 by the SiO duplex quantitative ratio, and carrying out hydrothermal processing on condition that pH 8-11. 
[Claim 2] Colloidal silica for abrasive materials according to claim 1 which is the range whose silica particle diameter by the 
nitrogen adsorption BET adsorption method is 20-200nm. 

[Claim 3] The manufacture, approach of the colloidal silica for abrasive materials characterized by mixing mono dispersion 
colloidal silica and activated silica at a rate of 1 :0.03 to 1 :0.3 by the SiO duplex quantitative ratio, and carrying put hydrothermal 
processing on condition that pH 8-11,. 

[Claim 4] The manufacture approach of the colloidal silica for abrasive materials according to claim 3 characterized by carrying 
out hydrothermal processing on the conditions of 0.5 - 3 hours with the temperature of 120-180 degrees C in an autoclave. 
[Claim 5] The abrasive material constituent for electronic ingredients containing the colloidal silica for abrasive materials 
obtained by mixing mono dispersion colloidal silica and activated silica to 1:0.03 to 1:0.3 by the SiO duplex quantitative ratio, and 
carrying out hydrothermal processing on condition that pH 8-11. 

[Claim 6] The abrasive material constituent for electronic ingredients according to claim 5 an electronic ingredient is 

[ constituent ] in any of a silicon wafer, a compound semiconductor wafer, a semiconductor device wafer, a magnetic-disk 

substrate, or the Xtal substrate. 


[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the colloidal silica used at the time of polish processing of electronic ingredients, 
such as a silicon wafer, a compound semiconductor wafer, a semiconductor device wafer, a magnetic-disk substrate, and the Xtal 


[0002] 

[Description of the Prior Art] The colloidal silica manufactured considering commercial silicic acid alkali as a raw material from 
before has been used for various applications, such as a gelling agent, and thixotropy, a scattering inhibitor of the abrasive 
material of a silicon wafer, the adhesion binder of the fluorescent substance in Braun-tube manufacture, and the electrolytic 
solution in a cell. That by which the colloidal silica currently generally used is manufactured by the bottom ion-exchange method 
of ordinary pressure 1 00 degrees C or less, Although there are a thing manufactured by the amalgam-decomposition method of 
the hydrothermal processing (it is indicated as "hydrothermal processing" below) processed under high voltage with 120 degrees 
C - 180 degrees C hot hot water and a thing manufactured by the approach which included hydrothermal processing in the ion- 
exchange method Each of these was insufficient in respect of the polish property or the manufacturing cost as colloidal silica 
used at the time of polish processing of electronic ingredients, such as a silicon wafer, a compound semiconductor wafer, a 
semiconductor device wafer, a magnetic-disk substrate, and the Xtal substrate. 

[0003] Corresponding to the demand of improvement in the speed of a polish rate, as for the colloidal silica used as an abrasive 
material of eleotronie ingredients, such as a silicon wafer, a compound semiconductor wafer, a semiconductor device wafer, a 
magnetic-disk substrate, and the Xtal substrate, grade with a large particle size of a silica has come to be liked gradually. 
However, for manufacturing what has large silica particle diameter, long duration is needed for a build up process, and a 
manufacturing cost becomes large. On the other hand, reduction-ization of polish costs also serves as the trend of the world, 
and even if particle diameter is not so large, the colloidal silica which can perform high-speed polish is called for. On the other 
hand, in order to enlarge particle size of the colloidal silica manufactured by the ion-exchange method under ordinary pressure 
1 00 degrees C or less, long time amount is needed for the so-called build up process into which the deposition of the silica is 
further carried out on the surface of a particle, and a particle is grown up, lifting of a manufacturing cost is imitated, and there ia 
a problem of**. In JP,6-199515,A, after considering as predetermined particle diameter by the build up method, how to oarry out 
hydrothermal processing to the bottom of existence of an aluminum component is indicated. Although an aluminum component is 
made to generate an aluminosilicate site on a silica particle and stronger colloid is stabilized for the negative charge of a silica 
particle, it is not a desirable approach on the polish property of an electronic ingredient to increase components other than a 
silica on a colloidal particle front face. 

[0004] Although amalgam decomposition of the gel silica is carried out by hydrothermal processing and the colloidal particle is 
made to generate by the amalgam-decomposition method, it originates in that process, and this particle has large particle size 
distribution, and the configuration of a particle also serves as an ununiformity. Moreover, there are many amounts of the impurity 
resulting from the water glass of a raw material, when it uses for polish, there is generating metallurgy group contamination of a 
polish blemish, and it cannot be used other than the object for rough grinding. Since it is dramatically difficult, mixture of a gel big 
and rough particle not being avoided furthermore, but carrying out separation clearance of this in a submicron region cannot be 
used as an object for abrasive materials other than the object for rough grinding. 

[0005] Moreover, it considers as the approach of enlarging a silica particle, and the manufacturing method which included 
hydrothermal processing in the ion-exchange method is indicated by a U.S. Pat No. 2680721 official report and JP,49-4636,B. 
Although it is said by these approaches that particle diameter becomes large so that temperature is high, only at least 250 ' 
degrees C (4000kPa) only of magnitude to about 25nm are obtained actually. In order to enlarge particle diameter more, 
equipment becomes expensive, as a mass production article, cost becomes high and considering as an elevated temperature 
further becomes unsuitable. After enlarging a particle as other approaches by the build up method which adds activated silica to 
a seed sol, how to catty out hydrothermal processing could consider, but even if the basis obtained by the above-mentioned 
conventional approach compared the colloidal silica obtained by carrying out hydrothermal processing of the large particle made 
by the build up method, a big improvement effect was not seen with extent some improvement in the engine performance is 
accepted to be in the polish property. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the object of this invention is offering'the colloidal silica which has the 
polish engine performance which could manufacture by low cost and was excellent as an abrasive material of electronic 
ingredients, such as a silicon wafer, a compound semiconductor wafer, a semiconductor device wafer, a magnetic-disk substrate, 
and the Xtal substrate. 
[0007] 

[Means for Solving the Problem] This invention was completed as a result of the artificers concerning this application inquiring 
wholeheartedly, in order to attain such an object That is, this invention is colloidal silica for abrasive materials obtained by mixing 
mono dispersion colloidal silica and activated silica at a rate of 1:0.03 to 1:0.3 by the StO duplex quantitative ratio, and carrying 
out hydrothermal processing on condition that pH 8-1 1 . Moreover, this invention is the manufacture approach of the colloidal 
silica for abrasive materials characterized by. mixing mono dispersion colloidal silica and activated silica at a rate of 1:0.03 to 1:0.3 l 
by the SiO duplex quantitative ratio, and carrying out hydrothermal processing on condition that pH 8-11. Moreover, this 
invention is an abrasive material constituent for electronic ingredients containing the colloidal silica for abrasive materials 
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[Embodiment of the Invention] The colloidal silica for abrasive materials of this invention mixes mono dispersion colloidal silica 
and activated silica at a specific rate, and is obtained by carrying out hydrothermal processing of this under alkali conditions. As 
for the particle diameter of the colloidal silica for abrasive materials of this this invention, it is more desirable that the range of 
20-20Qnm is good, and it is the range of further 2O-50nm in the measured value by the nitrogen adsorption BET adsorption 
method. The polish rate of a polish object is too small in it being less than 20nm, and it is not desirable in order that a possibility 
that polish marks may occur may come out to the front face of a polish object, if it exceeds 200nm. Furthermore, considering . 
costs, such as temperature of hydrothermal processing, and time amount, the range of 20-50nm is the most suitable. Thus, 
although the reason whose polish property of colloidal silica improves by carrying out hydrothermal processing is not clear, the 
surface state of colloidal silica is considered to have changed with the hydrothermal processings under alkali. 
[0009] Below, it is attached to the nianufacture approach of the colloidal silica for abrasive materials of this invention, and states 
in detail. In order to obtain mono dispersion colloidal silica, generally a silicic acid alkali water solution is used as the raw material. 
As a silicic acid alkali water solution to be used, the specific silicate water solution usually called water glass (water glass - of 
one No. No. 4 etc.) is used suitably. This thing is comparatively cheap' and can be got easily. Moreover, when the product of the 
semi-conductor applicatbn which dislikes Na ion is taken into consideration, a potassium silicate water solution is suitable as an 
object of high-grade-izing. [0010] As mono dispersion colloidal silica used for this invention, the colloidal silica by the ion- 
exchange method can be used, for example. In the production process of the colloidal silica by the ion-exchange method, a silicic 
acid alkali water solution is first diluted with water to 3 - 1 0 % of the weight of silica concentration, subsequently to H mold 
strongly acidic cation exchange resin make it contact, and carry out dealkalization, OH mold strongly basic anion exchange resin 
is made to contact rf needed, a deanion is carried out, and activated silica is created. There are already various proposals about 
the class and terms and conditions of ion exchange resin, and any of these well-known approaches can be applied. Subsequently, 
alkali chemicals are added so that pH may become eight or more according to a conventional method, and it heats at 60-240 
degrees C, and a seed sol is made from activated silica. The seed sol which consists of a 6-25nm colloidal particle according to 
whenever [ stoving temperature ] is made. Commercial colloidal silica can also be made into a seed sol instead of this seed sol. 
[0011] Subsequently, the approach of a build up is caused and a colloidal particle is grown up according to a conventional 
method. That is, maintaining pH or more to eight and maintaining [ add alkali chemicals ] temperature at 60-240 degrees C, 
activated silica is added to the above-mentioned seed sol, and a silica particle is grown up. Or the approach of the build up which 
adds activated silica in the diluted silicic acid alkali water solution may be used. As alkali chemicals used here, organic bases, 
such as alkali-metal hydroxides, such as NaOH and KOH, and an amine, the 4th class ammonium hydroxide, can be used. 
Moreover, those silicic acid alkali water solutions can also be used. A silica particle is grown up so that the particle diameter of a 
silica may be set to 10-50nm using these approaches. Although the distributed condition of a silica particle is mono dispersion, 
secondary condensation may exist and it can be properly used according to an application. The configuration of a particle may be 
a real ball-like, or may be a non-globular form-like, and can be properly used according to an application. [0012] Subsequently, it 
condenses so that the concentration of a silica may become 20 - 50 X of the weight by ultrafiltration membrane. However, since 
this process has the inquiry effectiveness of excessive ion, if needed, even after reaching target concentration, pure water can 
be added, inquiry clearance can be performed further, and the activity which raises the elimination factor of an unnecessary 
component can also be done. Thus, the mono dispersion colloidal silica used for the manufacture approach of this invention as a 
raw material can be obtained. The process so far can be skipped and commercial colloidal silica can also be used for future 
processes as mono dispersion colloidal silica. In that case, as for a commercial item, it is economical to use the high- 
concentration thing of 20 - 50K of silica concentration. Moreover, it is also good to carry out component accommodation by the 
ion exchange, dialysis, precision filtration, etc. before an activity. 

[0013] Thus, although hydrothermal processing will be carried out under existence of activated silica and alkali chemicals using 
the obtained mono dispersion colloidal silica, the mixed rate of the colloidal silica at this time and activated silica has the good 
range of 1:0.03 to 1:0.3 at each weight ratio of Si02, and its range of 1 :0.1 to 1:0.2 is still more desirable. To colloidal silica, if 
there is less activated silica than 0.03, the addition effectiveness will not become clear but will become additive-free 
hydrothermal processing and an EQC. Moreover, if there is more activated silica than 0.3, the new origination of nucleus will 
happen, to colloidal silica, a particle occurs, the self-possessed amount of the silica to the existing particle will decrease as 
equivalent to the amount, and the effectiveness of hydrothermal processing will fade. Moreover, when many particles occur in 
this case, it is not desirable that mean particle diameter becomes small, either. Furthermore, since the concentration of Si02 is 
usually 5 or less % of the weight, the amount of Si02 which can be taught to a hydrothermal processing container decreases, and 
activated silica is not economically desirable, if the loadings of activated silica increase. The activated silica to be used is easy to 
be the same as the activated silica obtained by carrying out the ion exchange of the above-mentioned silicic acid alkali water 
solution. 

[001 4] Moreover, similarly to what was used for the build up of colloidal silica as alkali chemicals to be used, it is not related and . 
organic bases, such as alkali-metal hydroxides, such as NaOH and KOH, and an amine, the 4th class ammonium hydroxide, can be 
used! Moreover, those silicic acid alkali water solutions can also be used. The addition of alkali chemicals is used in an amount 
from which pH of the whole mixture which carries out hydrothermal processing is set to 8-11 . It is because change of the front 
face of the colloidal silica obtained as it is less than eight pH is not accepted, and the amount of exceed [ pH1 1 ] of the alkali 
chemicals to add increases too much, and it is not economical. 

[001 5] Hydrothermal processing of the mixture of mono dispersion colloidal silica and activated silica is usually performed under 
stirring using an autoclave etc., 120-180 degrees C and the processing time have [ processing temperature ] 0.5 - 3 desirable 
hours, and 1.5 - 2.5 hours has [ 130 degrees C - 160 degrees C and the processing time ] still more desirable processing 
temperature. At 1 80 degrees G, it is good at about 30 minutes, and the processing time of about 3 hours is needed at 120 
degrees C. Since the temperature of 180 degrees C or more requires cost compared with a treatment effect, it is not 
economical. Subsequently, it condenses so that it may become 20 - 50 % of the weight about the concentration of a silica by 
ultrafiltration membrane if needed. However, since this process has the inquiry effectiveness of excessive ion, if needed, even 
after reaching target concentration, pure water can be added, inquiry clearance can be performed further, and the activity which 
raises an elimination factor can also be done. Moreover, it is also good to carry out component accommodation by the ion 
exchange, dialysis, precision filtration, etc. before and after concentration. 

[0016] Although an object particle is several microns from 1nm, since the separation to which ultrafiltration membrane is applied 
is aimed also at the dissolved polymeric material, in the NANOMETA region, the filtration accuracy is expressed by the cut off 
molecular weight. In this invention, 1 5000 or less-out off molecular weight ultrafiltration membrane is used. If the film of this 
range is used, a particle 1 ran or more is separable. Furthermore, the ultrafiltration membrane of cuts off molecular weight 3000- 
15000 is used preferably. By less than 3000 film, filtration resistance is too large, and it becomes [ the processing time ] long and 
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membranous confi guration has a spiral mold, a tubular mold, a hollow filament mold, etc, and which can be used, a hollow filament 
mold is compact and it is easy to use it. 

[001 7] The colloidal silica for abrasive materials of this invention with a particle diameter of 20-200nm is obtained with the 
measured value according to a nitrogen adsorption BET adsorption method as mentioned above. By carrying out the deposition of 
the activated silica to a mono dispersion colloidal silica particle under elevated-temperature high voltage, this changed the 
condition of the front face of a silica particle, and has the property which was excellent as an abrasive material. 
[0018] This- invention is an abrasive material constituent for electronic ingredients containing this colloidal silica again. That is, 
the constituent for polish of the electronic ingredient of this invention is aquosity dispersion liquid of the colloidal silica particle 
which contains this colloidal silica for abrasive materials at 1 - 10% of the weight of a rate preferably one to 15% of the weight 
Further, according to a class, polish conditions, etc. of an ingredient for polish, other colloid, for example, alumina sol, a cerium 
oxide sol, a zirconium dioxide sol, etc. can also be added to the abrasive material constituent for electronic ingredients of this 
invention, and those particle fine particles can also be added to it. Moreover. a surfactant and a water soluble polymer can be 
added to the wettability improvement of a polished surface or a pad. Similarly, an oxidizer, a chelating agent, corrosion inhibitor, a 
germicide, etc. can be added if needed. Although the ingredients for polish which can use the abrasive' material constituent for 
electronic ingredients of this invention are various electronic ingredients, the polish engine performance which was especially 
excellent in polish of a silicon wafer, a compound semiconductor wafer, a semiconductor device wafer, a magnetic-disk substrate, 
or the Xtal substrate is demonstrated. 
[0019] 

[Example] Below, an example explains this invention further at a detail. is weight criteria among an example. 
[0020] Example 1: 1000g CStO2:29.0%. Na20:9.7%, H20:61.3%) of JIS No. 3 silicate of soda was added to 5450g of deionized water, 
it mixed to homogeneity, and the dilution silicate of soda which contains Si02 4.5% was created. Dealkalization of this dilution 
silicate of soda was let pass and carried out to the column of H mold strongly acidic cation exchange resin beforehand 
reproduced with the hydrochloric acid, and 7250g of activated silica of pH2.9 was obtained at 3.8% of silica concentration, 
separately — colloidal silica (Nippon Chemical Industrial Co., Ltd. make — particle diameter of silica by 2; 40% [ of "silica gold 
40L" SiO(s) .], and BET adsorption method — 21 nm — it is — pH9.9) 1 20g of marketing — 880g of deionized water — diluting — 
the bottom of stirring — 95 degrees C — heating — 1 0%NaOH — adding — pH — 1 0.0 — carrying out — further — after 
maintaining this temperature for 30 minutes, the 5900g of the aforementioned activated silica was added over 8 hours. During 
addition, NaOH was added every 30 minutes 10% so that 95 degrees C might be maintained for temperature and pH might also 
maintain 1 0. It kept at 95 degrees C after addition termination of activated silica for 1 hour. According to the BET adsorption 
method, the particle diameter of the silica in this event was 37nm, and colloid liquid wore the white taste and was translucent 
The obtained colloidal silica performed the pressure filtration by pump circulation liquid sending using the hollow fiber type 
ultrafiltration membrane (Mike Rosa UF module SIP[ by Asahi Chemical Co., Ltd. ]- 1013) of the cut off molecular weight 6000 
after cooling, and obtained mono dispersion colloidal silica about 680g of 40% of silica concentration. Subsequently, 1350gof 
remainders of the aforementioned activated silica was added to this colloidal silica, NaOH was added bottom 10% of stirring, pH 
was set to 10, and it put into the 21. autoclave, heated at 1 30 degrees C, this temperature was maintained for 2 hours, and it 
cooled radiationally by performing hydrothermal processing. 

[0021] The colloidal silica which carried out hydrothermal processing performed the pressure filtration by pump circulation liquid 
sending using the hollow fiber type ultrafiltration membrane (Mike Rosa UF module SIP[ by Asahi Chemical Co., Ltd. ]- 1 01 3) of a 
cut off molecular weight 6000, and obtained colloidal silica about 1000g of 30% of silica concentration. The particle diameter 
according [ the obtained colloidal silica ] to a nitrogen adsorption BET adsorption method was 42nm. 

[0022] example of comparison 1: — 1350g of deionized water was added to colloidal silica (Nippon Chemical Industrial Co., Ltd. 
make — "— gold [ a silica ] — particle diameter of silica by 2; 40% [ of 40G"SiO(s) ], and BET adsorption method — 46nm — it 
is — pH — 9,9) 800g of marketing, NaOH was added bottom 10% of stirring, pH was set to 1 0, this was put into the 21. autoclave, 
it heated at 130 degrees C, this temperature was maintained for 2 hours, and it cooled radiationally by performing hydrothermal 
processing. The colloidal silica which carried out hydrothermal processing performed the pressure filtration by pump circulation 
liquid sending using the hollow fiber type ultrafiltration membrane (Mike Rosa UF module SIP[ by Asahi Chemical Co., Ltd. ]- 
101 3) of a cut off molecular weight 6000, and obtained colloidal silica about 1000g of 30% of silica concentration. The colloidal 
silica obtained by carrying out hydrothermal processing, without adding this activated silica was 46nm in particle diameter by the 
nitrogen adsorption BET adsorption method. 

[0023] Colloidal silica (Nippon Chemical Industrial Co., Ltd. make — particle diameter of silica by 2; 40% [ of "silica gold 40L" SiO 
(s) ] and BET adsorption method — 21 nm — it is — pH — 9.9) 5kg (2.0kg as Si02) of marketing is used, example 2: — Add 5kg 
(190g as Si02) of activated silica created like the example 1 to this, KOH is dropped 10% under stirring, and pH is set to 10. This 
was taught to the 20I. autoclave, and it heated at 1 60 degrees C under stirring, maintained at this temperature for 1 hour, and 
cooled radiationally by performing hydrothermal processing. Subsequently, the pressure filtration by pump circulation liquid 
sending was performed using the hollow fiber type ultrafiltration membrane (Mike Rosa UF module SLP[ by Asahi Chemical Co., 
Ltd. ]- 2053) of a cut off molecular weight 10000, and colloidal silica about 7kg of 30% of silica concentration was obtained. The 
obtained colloidal silica was 24nm in particle diameter by the nitrogen adsorption BET adsorption method. 

[0024] example of comparison 2: — commercial colloidal silica (the Nippon Chemical Industrial Co., Ltd. make — "silica gold 40L" 
SiO — 240%) According to the BET adsorption method, the particle diameter of a silica is 21 nm. pH to 9.95kg (2.0kg as Si02) 
After adding and diluting 5kg of deionized water, it became hot at 95 degrees G under stirring, and KOH was added 10%, pH was 
set to 1 0.0, and after maintaining this temperature for 30 minutes, 5kg (1 90g as Si02) of activated silica created like the example 
1 was further added over 1 hour. During addition, KOH was added every 10 minutes 10% so that 95 degrees C might be 
maintained and pH might also maintain 10. It kept at 95 degrees C after addition termination of activated silica for 1 hour. The 
pressure filtration by pump circulation liquid sending was performed using the hollow fiber type ultrafiltration membrane (Mike 
Rosa UF module SLP[ by Asahi Chemical Co., Ltd. ]- 2053) of the cut off molecular weight 10000 after cooling, and colloidal 
silica about 7kg of 30% of silica concentration was obtained. Therefore, although commercial colloidal silica and the mixture of 
activated silica are used here, hydrothermal processing is not performed but it only heat-treats at 95 degrees C under alkali 
conditions. The colloidal silica obtained by such approach was 22nm in particle diameter by the nitrogen adsorption BET 
adsorption method. 

[0025] Example 4: The abrasive material constituent of the presentation shown in a table 1 was prepared using the colloidal silica 
and the thing which reached and processed the example 1 of a comparison, and the colloidal silica of marketing of two of this 
invention obtained in the examples 1 and 2. 
[0026] 
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1500 
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4 
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30 

300 

1500 
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[0027] The polish trial of a silicon single crystal (a silicon rectangle mirror wafer, bearing:<100>**1 degree) was performed on the 
following polish conditions using these abrasive material constituents 1-4. These results are shown in a table 2. 
<polish cond'rtion> grinder ; one side grinder scouring pad; — SUBA400 made from RODERU rotating speed; — the number of 
150rpm rotation ; 100rpm processing pressure force; 230 g/cm2 polish time amount; 10-minute polish liquid amount-of-supply; - 
- a part for 20ml/— <polish engine-performance> polish rate; — the silicon after the completion of processing was washed and 
dried, and the polish rate was found from the decrease of weight before and behind processing 
Polish marks ; The existence of polish marks was judged by viewing in the dark room. [0028] 
[A table 2] 

m 


mm 

No. 

(xtm/iin) 


i 

0. 475 


2 

0. 447 


3 

0. 420 

*L ! 

4 

0. 379 

SSL , 


[0020] As shown in a table 2, although the abrasive materia! constituent (No. 1 and 2) which used the colloidal silioa obtained by 
the approach of this invention was the respectively almost same particle diameter as compared with the corresponding tiling (No. 
3 and 4) of the example of a comparison of the same particle size, improvement in 1 0* or more of polish rate was found. 
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©AHK&T?«ii3iiS1>©. 4fc-Y*^S»i£I^Si«i 
^^©WSiPXBf |CffiV^*l5 = n^/l^y jtj t L 

x, mm*?mm*x\-<n&x**+ftteb<DX'hv 

[0 0 0 3] '/Jay^, ¥ 

«?*m©«F*jH t Lxm s *it # t = n ^ y 
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fc„ L*U ~>y*^S©^fl^©^Mit1-5t'ti 

!K iMis*K4r*&<fc<Tfci58W»©ffl*5=i 
©KfJET-e-Y ^SSHSfc-eKiS § ii5 = n ^ jtfl,*/ y # 

©&#^*t<i-5fc*(ctt, s^-oafficBti/y* 

IgfcgV^MiS&gfcfclK »3fia^h©±#S:4ia 
< i^5HIJH#S>5. #M¥6-199515^iM£i-tt> fcVi- 

MM>fe£jfcs*, i/y*e4©Am#^^fe=in^ 
[0004] hwkthu $>#© *✓ y * 

-irfrS. Kfl©*#?JMcfiH+5*H»©» 

*»*©«£#** e>ivi\ 
[ooosiifc, i/y*tt^ft*#<t«*tfetu 

#fF® 2 6 8 0 7 2 1 ^^^#&Bg49-4636-t^il^ 

(4 0 0 0kPa) T't.2 5 nmS**-?©*# SL*» 
#E>nTV^i\ «t^aS:J:!)*#<1-5fc©*6t* 

mmmzmhn-t 5 ^ kt y y&ic i 9 ^^*t < 

fca n-f y * ft, ±x&©'^^©^ST'# fe^fc t 
t©Jt^Tt. *©W*«ftt£*sv\TS ; F©tti6fii±«s 

[00 0 6] 

f * ■mu, fc^mtDm^ummmbLxm 

[000 7] 


3 

mmm&tz-fcttxD^m ^©* 541 wirier 

^■>y*ijStt3ilfitSrS iO,a*ttTfl : 0. 0 
3-1 : 0. 3©*I£"CS£U pH8~l 10*frC 

LT#f> n 5 w^jffl =» p <r ^A"> y * ■?*> 

5 0 4fc, **8Hu m#*=p-<^'>y#i:«ffi£ 
RifrS i O.fiUfcTl : 0. 0 3-1:0. 3©#J 
£T'*S£ U pH8~l 1 © A#-C*i«iai-5 Ztir 

Hi&S iO.miife-ei : 0. 0 3-1 : 0. 3©#! 

U pH8~l l©&ft?7kilMLT^:ft, 
5«fff = o yf ?)V*y y * It^SfWWf* 

[0 0 0 8] 

[*93©SSit©JlHSI *2«»I1HJ|3^^-^ 
# 1±, d w y * i; ffittS^ i £#£©« 

B^^s/y*©tt^ffii±, «*a*BET8c(cj:sa 

£itT2 0-2 0 0 nm©*HAJJ:<, £6>fctt2 0~ 
5 0nm©(6HT*)5itiS J: *J fit U\ 2 0nm* 

irvfe&£v*^ft©«iFffire#**+*, 2 

0 0 nm&gxiS fcftffftlMfe©^^*****^ 

5j3**L*su5fci&*F*L<ftv\ s^tc, *.mm<o 

MM, «FllI*O = ^hS:%;L5t2 0~5 0nmO«SH 

*v^«, 3B-r^>y*©*iStti8ai7^*yTo* 30 

[0 0 0 9] £HFI^ *38Wo»F«Wl3n^^^y 

fyjfrfcfcSfcfcfc, -ftttCfitoJSfi-tLTSKT 
y *SiBtSr«ffli-5. JB^3JE*7/u#y*8iKi 
LTtt, (7tc#7*l-§—4-5HI) tfftf 

tL§g^i>y^A*^;sfii}^v^^5 0 r©% 
3 t his* y * ^mmmmm t ut^»$ ^ « 

[0 0 10] *»KK«ffl1-5^»»©3n>f^S/y 

y a ©Maigm s TS»7/i/# y imm* 
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■TpHa«8K±i:&5J:57^*ySISr«fllU 6 0- 

2 4 0 < ctMLr, istts»a»e>a//i'*^5. 
^y**a^wfr5^tt>T?f 5, 

[0 0 11] tf/v-K7y^©^©J;oT, * 

^J«APtT P H^8a±, flflffr6 0-2 4 0'CCi(l 

ifews, *Ruts»7^*y*» 

jSCJStt3i»*»lPLT^< t^K7y :/©#£-?*>& 
V\ r:f«lt57^*y«atll, N a OH, K 

ont£if(DTfrj}y&m*.mim^ 7?y, 14^7 
^ = » A*»f bteft if ©*WUt«W+3 r i a***? 
#5. 4fct*ib©S»7/u*y*jg}S1,ffiffl1-5it 

~ 5 0 n m £ ft 5 i 5 f E *✓ ? * » fcjftft £ * 5 . ~> y 

#«*©*Hfcl*ito¥^?ab5;fls, r*«nas#ftL 
■twct>J:<, ffljfcfc(SC-c«v^tt5ri:asffl*5. 

[O0i2]*v^ BWHtai!llcj;oTS'y*©ftS 
©Igtt*£ft^*:'©ft^fflU»*fc*>6©-<?, &■ 

4MR=p>f^s/y*tUT, »3n^^ji 

p a D fiv/y*^g2 o~5 o%©R»e©t©&ftffli-5 

^iiiift if-CjS^dft *ri-5 © t A v\ 
[0013] r©i5HLr#tnfc^tnn^^ 
v-y Jfcfllvvc, 7/1-* y #J©#ftT-c*!R 

ffittg^©iS-g-SiJ'a'tt, tjl^*T,©S i 0 2 ©SftjtT 
1 : 0. 0 3i»6 1 : 0. 3©Hffl^J:<, 1 : 0. 1 
: 0. 2©«fflasEC#4U^. =in-f^->y 

^ m ix. %mm$ o . 03*9^*^ gjjp^s 
«*we.4»K:ftt>T, fisaro©7kf(!yaaiK*c45. s 

^v^tfffcfta©«^fir5, m^m±u i<n 
■iicftststfttiEfl*^©^ y *©et*M«s«i> 

U *IMM©3a*it»h,5rii:ft5 0 Sfc, -©» 

<45-tt»4L<ft^. Sfet, ffittS^tiiitS 
iO.©«gas5fi4%£JlT^fc5fc©, ffittS^©E 


ft 5 i*?««H*BE»tffiaa!)5s i 0.0ft 

[ooi4i *fc, ait-5T^*p so turn =»n 

-f 7><> !J *© KVU K7 s/^tcftffl LfcfcWi R CT*t> 
*<, S^tt, ^fttfiiI#ft<NaOH, KOHftif 

©7/uA<J£M*»ft«M\ 7$>\ j&4&7y*^7 

fc-£*ie>©3»7/u# y *»»t)«ffi1-5 =. fc a*-et 
5. T^^y^jco^ptu. Afters ££«£$© 
pHflS8~ii£fc5J:5ft*'eftffl+5. pH8*?& 
"CfcS t , ®t>KZ=Lu<>( y * ®$fi0£{b8Sff 

*5>ix*^fcit)-e*!j 4 phi ltrttAartrtasjpi- 
57^* y «©*#£< & is 

[0015] Mt^n>f^>!J * fcjgffiiftOfi^ 

j-etsztiw &m&m\±i 20-180-0, mmvm 

l±0. t<, ^Sfig^l 301C~1 

botc* jaawraasi. 5-2. 5«h#kic&£l 

1% 1 8 0TCT*l43 0#ggTM:<, 12 0^^3 
ttN©mtNdi]&KlcftS. I 8 o^ELbomWifc 

20-50 SS% t ft 5 J: 5 ejMHNS, fc* U c © 
[ooi6] fiS^ii^s^^na^it^fe^ 

t>*f*it*fcft, 7V*-*^Hcil«|»£fc£Ir£ 
^l:-e*SLT^5,*38W"Ctt» mft*&l 5 0 0 

o#T©ffi*t*aiist£«isi-5. ^©^©nHeffl-r 

tL<itftmft?&3 0 0 0-1 5 0 0 OORftlliUI 
WH1"5 0 3 0 0 o**©K?ttJt»fi*fi#*t-t-Sf 
T*»P^;6 < ft 9 *S»-?fc 9 . 1 5 0 0 0 ELk? 
It, »»Si*fi<ft!»B«4rai$T?tftv^ Urofftlt 
tfy ^yr^y^-Ny/K ftHfAK, 
Ss>*\ *-#yftif*>9, vvfiif>fcj!-e*5#, it 
fiffi^iiiiSSft w>e># y ^/^ygha^ffl t-w 

[0 0 17] «±©J:5K1UT, SUffttBETSKJ: 
SfiHtffiT' 2 0 ~ 2 0 0 n nHOe^ftO^SWOWiW 
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10 0 1 8] *»Ktt*fc, r© = n-f^^J)*Sr^ 
41-15 L < B 1 - 1 0 S*%©t I^-C 

s& => n y #»*©*&£««■*** 5. 
^m^mmmn^mut, wci9waft©tm© 

10 7*5 ifeft-feUCA^, BfcSVuasyA;/ 
^fti?felnA.5ri:t>tf*. ^nbofRW^RfiESrJli^. 
5^iiT't5„ Sfc, fl*ffi*/<y K©»ixtt©i*3 

sit*, mmM*&mm?£Miz-Z r t as-e t 

20 [0019] 

MRni'5. Hffifflf r%j (iSS£PTS>5, 
[0 0 2 0] SQtfll :E-<^->'*:5 4 5 OgtiJ I 5 
3*ffl»y-^ (S i 0 2 : 2 9. 0% Na,0 : 9. 
7%, H z O : 6 1 . 3%) 1 0 0 0 g fetHjftJSl-fc 
InL, SiO.Sr4. 5%*tr*3R3i||y-^«r^j« 
Lfc 0 ^©fir|?g^y-^S:, ^»it»{cJ:o-CStL, 

*!IU 5/y*«*3. 8%-e P H2. 9©gftS^7 
30 2 5 0 g JglJJi, flBS© n ^ ^ v- y * ( # 

ft^XH (flO |r->iii K-;P4 0 Lj S i Oi ; 4 
0 % B E Tifet i 5 5 * ©ftiPStt 2 1 n mt'fc 

pH9. 9) 120g«rK-f*>*8 8 0 g7»*R 
tt, ^T9 5-C['JnfiLTl 0%NaOHSrlSJDU 
TpHSrlO. otL, 5Sfc3 0^©fl«Srftofc 
iJS©SttSl^ 5 9 0 0 g 8 SWA»lT-CtS!lP L, 
fc, SJD(t , ttiaafS:9 5'Ct«^, pHtlOSrftoJ: 
5tl0%NaOHSr30 ^ t \mM Lfc 0 

©SfeSp^Tt 9 5°ciz i *nftofc. r ©^jft-e©->y 

40 #©^gli v BETStCj;5t 3 7nmt, an-fK 

^iPt^®^*6 o o o©*s*sps^M 

ig^ (Jfiftdi (ft) K^7n-t*UF^^-/USI 
P-1013) «rfflv^-C*y^tBIKS»tJ:5iillE*iS 

6 8 o g *#fc D ftv vr?, 'r ©a y ^ i^ifia 

©ISHES»©«fi|S 1 3 5 0 g frJPitT!l#T 1 0 %N a 
OHSrSflPLTpHSrl 0 tU 2 V y V fr<0*~ V ? 
U~7iC\,\fiX, 1 3 0TCfciBlSLT2i*Hir©S*«r 
50 »^*fi^S^m\ St^Lfc 0 


(5) #$2 0 0 2-3 3 8 9 5 1 

7 8 

[0021] *fWMLfc3o^^>i»*H: 4 m% *mm mm (ft) s^^p- jpuf^^-^sl 

o o 0<&*$*3[HB*tt&IK (JiSft$(ft)®h^ p-2053) *fflwr#y;/waK£«fcJ:5inff»I 

?n-fUPti;a-*SIP-10 13) tffV\ ^y*We-3 0%©3B^^i/y#»7kg 
>^HSiSaJtCJ:5JqjE«jaSrffv\ ->y#H«3 0% #e>ftfc=*n^ ^>y SSK^BET 

^^>?*tta*ft#BETifeK:J:5«i : f-att42n [ 0 0 2 4 ] itt^J 2 : DIJE0 a n -f y * (B* 

mT'foofc 0 fc^Ift (ft) gTi/W K-*4 0 Lj S i O. 4 0 

[0 02 2] itmil :lftM<D='v*{y,v>syj] (B# % v BETftiC±5tS/3*©«i^gtt2 1nm-Cfc 

(ft) U r->y*K-A-4 0Gj SiO. ; 4 5, pH(±9. 9) 5kg (SiOiil/T2. Ok 

0% BETjSfeti4^y*©«[^«a:4 6nmTfc 10 g) t, $M*y*5 k g %MZX$%iVm, 3f#T 

9, pHli9. 9) 8 0 0 gCJK^*y*1 3 5 0 g«: 9 5 t^LT 1 0%KOH&i&&BLT p H£ 1 0. 0 

mx.XmWTl 0%NaOH£«)ElLTpH£l 0t fcU 3EK3 0£;:©fi£«:{jiofctL ggttft 1 £: ft$ 

U Ctllr2 y y h/KBd— V? U- ^V^T, 1 3 fcL-CmfcLfcffitt3£»5 kg (S i Oi 4 LT 1 9 0 

0TCKJpSL-C2fifIBr©H«4riR*.*l!WHl«:fTli\ g) ^llFWTfflLt. ftbpftt 9 Stftft*,, 

StftLfc, *«WmLfcao'f^A">y*tt % pHfcl0*rftoJ:5fcl 0%KOH*10$M8tlC* 

ft 6 0 0 0 ©f^^^PMSSl^ (ft) Rv-C JnLfc. ffittS*0Saifi|*78 9 5 tic 1 HHftofc. 

^b— !PUF*^*-^S I P- 1 0 1 3) fcfflV^Ttf fciPSWtfff^fftl 0 0 0 0®?£*3!IB#ttiiR Oil 
^T'flfaiSiftfciaJnEjijfiSrffVV ->y#t&3 0% (ft) S?^^n-fUF^-^-;vSLP-20 

©=n-f4^y##uooog*:i*fc, roissffii* 53) m^x^irfmt&m^^ns3tmk^\ 

MKV B E Tifefc J: 5tt?ffi4 6 nmffco fc„ ft^X, X*\WW.<D an>f y # i Stt3i®© 

1 0 0 2 3 ] HJfetfiJ 2 : TfT|R0 = n-f JOPS'P * (0* #6**ft»f-S#> *!WfiSttff *|C7/U* 

fc^m (ft) K r~>y * o Lj s i o, ; 4 JJ^ttTT-9 s'CJdBSRJttaufcto-pfcS. iOi 5 

0%, BETft!CJ:5i/y*«)tt ; Fatt2lnm-?k ft^)SfeH:±^T^e>Jvfc3 p>C ^^l) At± s 

9, P Hf4 9. 9) 5kg (SiO=4LT2. 0 k B E TftfciSttf^ 2 nmffcot 

g ) Srftffl UT, r Hffi#| 1 4 mmt LXm Lfc 1 0 0 2 5 3 4 : Hffi^J 1 , 2 -C!#fc*|gMro a 

ffiteiStBkg (S iCHtl 90g) fcJOjfc-C* of^^y^JttfJtWikKWl, 2©flfK©=iD^/ 

ffTl 0%KOH£«TUT P H£l 0 4U ^ti£2 ^y **«taLfct©SrMv^ *1 »^-tlU*oW 

0 y y YM>*- V * t—7fcffc&*. ffl?T 1 6 0 "C B*ffEj*ft£|IftL*:. 

(dJRfJLT^fi^C: 1 #Hft%*f^«rfTfcV\ & 30 [0 0 2 6] 

^Lfc„ ftv^ii^ffti ooo oro^*sn^ai* [g i] 
*1 


NO. 

30^WW 

(s) 

W 

PH 


BETS 
(na) 

SiO, 
«*(» 

ft 

(e) 

1 


42 

30 

30 0 

15 00 

5.9 

10.5 

2 


24 

30 

3 0 0 

15 0 0 

5.9 

10.5 

3 

stum 

46 

30 

300 

1500 

5.9 

10.5 

4 

mm 

2 2 

3 0 

3 0 0 

15 00 

5.9 

10.5 


[0027] ^hbimmtmssmi-itJto^x. t 
%mmo& ~> y = yJMsa <*> y a 5 

1 >^-, #tt:<ioo>±n©fflM*fcfTofc. 
2 

; tfBSFSi 

SftlslCjK ; 1 5 0 r p m 
; 1 0 0 r pm 
JPIffi^ ; 2 3 0 g/ cm 3 


mm ; io» 

flFHW&I:; 2 0ml/# 

wHiifi ; Jm^Tit«>->y • ffiftu Jpi 

Wlloffiftita^iffSaSSr***:. 

[0028] 
1*21 


No. 

(um/mln) 


1 

0. 475 

mv 

2 

0. 447 

mv 

3 

0. 420 

*u 

4 

0. 379 

ML 
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[0 0 2 9] *2KSrfJ:5fc, **«©*ffifc±o-C 

# btifc = n j ]} # Lftmmmm w 

(No. 33HM) fcJt«LT, **l*ftKHf|RlWfc?- 

ffiTibatta^fe-f i o%jy±owHSSofRiJi^ 


